For improving nitrogen utilization efficiency by maize crop under gated pipes irrigation technique, a field experiment was conducted at El-Hamoul district, Kafr Elshiekh governorate during the summer season of 2011. The experiment included traditional furrow irrigation, gated pipes and alternative furrows irrigation by gated pipes technique, Two forms of mineral nitrogen fertilizers Urea (CO (NH2)2) and ammonium nitrate (NH4NO3) were applied at the recommended dose (135 Kg N Fed -1 ) either as soil dressing or through irrigation as compared with the control treatment (without nitrogen application), The main obtained results could be summarized as follows:  Using gated pipes technique for irrigating maize crop resulted in less amount of water applied compared to traditional furrow irrigation method. On the other hand, gated pipes technique saved irrigation water by 19.74 and 30.77 % for gated pipe and alternative gated pipes techniques, respectively as compared with traditional furrow irrigation. This improved irrigation techniques led to decrease actual water consumptive use, improved water application efficiency and increased the contribution of ground water table in the crop water need.  There was no effect on maize yield due to different irrigation techniques. However, gated pipes and alternative gated pipes recorded the highest values of grain yield (3.3 and 2.6 %) and stalk yield (47.6 and 15.1%) over the traditional furrow irrigation, respectively. Whereas, maize grain yield increased by about 62.1 , 59.7, 58.8 and 45.8 over control treatment due to application of ammonium nitrate applied by dressing method, urea applied with irrigation water, urea applied by dressing method and ammonium nitrate applied with irrigation water, respectively. Maize grain yield took the same trend of stalk yield. It can be observed that gated pipes technique for all furrows under ammonium nitrate applied by dressing method achieved the highest grain and stalk yields followed by treatment alternate furrows which irrigated by gated pipes under urea applied with irrigation water.  The highest mean values of crop and field water use efficiencies were achieved under gated pipes alternative furrow techniques and Urea applied with irrigation water.  Nitrogen use efficiency and N recovery % were increased with gated pipes irrigation techniques under ammonium nitrate applied by dressing method and urea applied with irrigation water  Net income from water unit and economical efficiency increased with gated pipes techniques (for all furrow and alternative furrow) comparing with traditional furrow irrigation treatment.
INTRODUCTION
Increasing water productivity and nitrogen utilization efficiency are the main goal for increasing the water and fertilizer use efficiency. This can be achieved by managing the controlled modern surface irrigation systems and adjusting them to soil hydraulic properties and to the water and nutritional requirements of the specific crop growth.
Maize is one of the most strategically crop in Egypt to overcome the increasing requirement of maize grain for bread industry (20 %mixed with wheat flour, so reduce the imported quantity of wheat),animal and poultry feeding as well as many industrial purposes.
Great efforts have been made by Egyptian scientists to improve maize production by increasing the efficiency of adding fertilizer due to minimizing loss of nitrogen through leaching. This can be achieved by applying nitrogen fertilizer with irrigation gated pipes technique (fertigation).
Increasing the agricultural production per unit volume of water is the main goal through increasing the water use efficiency. This goal can be achieved by advanced surface irrigation through applying gated pipes for irrigating field crops. Gated pipe could save irrigation water by 16.94% for maize compared to traditional surface irrigation (Abo Soliman et al., 2002) .
On the other hand, the traditional surface irrigation system could be improved using gated pipes with the furrows or basin irrigation systems without major changes in the design or in the operating procedure of the current existed irrigation system. Gated pipes have low cost, relative high application and distribution efficiencies and it is easily to be used by the economic value experienced workers ).
Using gated pipes technique in irrigating alternative furrows under cultivation of maize and sugar beet crops combined with application of nitrogen recommended dose led to improve water and nitrogen use efficiencies, and save more irrigation water without significant reduction in maize and sugar beet yield specially, under limited of fresh water resources and high price of nitrogen fertilizers (Shabana, 2010) .
It is well known that nitrogen is the most important element for plant growth and development, and it is an integral component of many compounds essential for plant growth processes including chlorophyll and many enzymes (Mkhabela et al.., 2001) . Mkhabela et al., (2001) examined in Swaziland the response of maize to different levels of nitrogen application, i.e. 0, 50, 100 and 150 Kg N ha-1. They found that grain yield and total dry matter were increased with increasing nitrogen application up to 100 Kg N ha-1.
The main objectives of this work are to find out the amount of water saving, maximum maize crop yield, water utilization and nitrogen use efficiency under different furrow irrigation systems.
MATERIALS AND METHODS
A field experiment was conducted during the summer season of 2011 at El Hamoul District, Kafr El Shiekh Governorate (4 m altitude, 31  25 31 latitude and 31  04 23 longitude) to study the nitrogen utilization efficiency under gated pipes irrigation technique with maize crop. To achieve this goal, the experimental field (2940 m 2 ) was divided into three plots to be occupied by the studied irrigation techniques (60*10 m 2 for each furrow irrigation treatments). Each experimental plot consisted of 24 rows. The gated pipes are located at the head of the field canal across the furrows and connected directly with the water pump. During maize crop, the area adjacent to maize was cultivated by rice.
The experimental design was Split Block design, the main plots were devoted to irrigation treatments which included three techniques (I), as follows:
 The traditional furrow irrigation technique (I 1 )  Gated pipes irrigation technique (I 2 )  alternative Gated pipe irrigation technique (I 3 ) (irrigating furrow and left the other furrow)., and The sub plots were assigned to nitrogen application treatments, which were:
 N 1 -control treatment (0 Kg N Fed -1 )  N 2 -nitrogen was applied by dressing method in form of urea CO (NH 2 ) 2 ) at the recommended dose (135 Kg N Fed -1 ).  N 3 -nitrogen was applied by dressing method in form (NH 4 NO 3 ) ammonium nitrate (Recommended dose).  N 4 -Urea applied with irrigation water. (Recommended dose).  N 5 -Ammonium nitrate applied with irrigation water. (Recommended dose). The recommended dose is 135 Kg N Fed -1 . Urea and ammonium nitrate fertilizer added with irrigation water through modified fertilizer unit connected to pump machine under furrow irrigation techniques. The fertilizer unit made from PVC tank (50 liter) connected to suction pipes through steel valve. The fertilizers dissolved in water then transported through delivery pipes. The cost of this fertigation process heads which included the PVC tank and valve is low and not expensive.
Maize grains, cultivar triple cross (Sakha 324) were sown on June 15 th , 2011. Nitrogenous fertilizers in the form of urea and ammonium nitrate were divided into three equal doses, the first dose was applied before the second irrigation, the second dose was applied before (the third irrigation) and the third dose was applied before the fourth irrigation. Potassium fertilizer (recommended dose) was applied as potassium sulphate (48 % K 2 O), and Phoshorus (recommended dose) in the from of Ca-superphosphate (15.5%P 2 O 5 ) were added with soil preparation. Soil analysis  Soil samples were collected from different layers and subjected to the following hydrophysico-chemical analysis according to Richards (1954) and Jackson (1967) .
 Moisture parameters; Field capacity (F.C.) and permanent wilting point (P.W.P) were determined by pressure membrane method according to Klute (1986) .  Some chemical and physical properties of the experimental soil are shown in Tables (1-2) .  Amount of water applied:-Traditional surface irrigation: the applied irrigation water was measured by using cut -throat flume (20 x 90 cm) according to Early (1975) . Improved surface irrigation (gated pipes): the discharge through an orifice was determined as described by (Brater and King 1976) . Applied water (AW): was calculated as described by Giriappa (1983) as follows: AW=IW+ER+S, where IW= irrigation water applied, ER=effective rain and S= amount of soil moisture contribution to consumptive use from the shallow ground water table.  Contribution of ground water table as a percentage of the consumptive use was calculated as follows: GWC%= (ETc-SMD)/ETc x 100, where ETc= Crop evapotarnspiration = EToxKc and SMD= soil moisture depletion. (Cited from Khalifa, 2013)  Water consumptive use (CU): was calculated using the equation of Israelson and Hansen (1962) .  Irrigation application efficiency (Ea): Values of irrigation application efficiency (Ea) in percent for each treatment were obtained according to Downy (1970) 
Soluble anions (meq L -1 )
SAR Available nutrients (ppm) Na + K + Ca ++ Mg ++ CO -HCO -3 Cl -SO4 --N P K 0-15 1.21 8.25 2.43 16.5 0.2 3.9 5.3 0 5.2 11.6 9 7.69 59.3 9.4 331 15-30 1.20 8.22 2.85 19.4 0.3 4.6 6.3 0 7.1 13.6 9.7 8.33 63.8 9.9 333 30-45 0.91 8.26 3.5 23.8 0.4 5.6 7.7 0 7.8 16.7 12.1 9.23 42.6 9.6 323 45-60 0.56 8.29 6.17 42.0 0.6 9.9 13.6 0 7.5 29.4 29.1 12.25 31.9 9.5 317 Ea = Ws ×100
where: Wd Ea = Water application efficiency (%) Ws= Water stored in the effective root zone Wd = Water applied to the field plot.  Maize yield: data of the grain yield was adjusted based on the moisture percent of 15.5 %  Crop water use efficiency (CWUE).
It was calculated by the following equation according to Abd El -Rasool et al., (1971) .
 Field water use efficiency (FWUE). It was calculated in Kg m -3 for different irrigation systems to clarify how much Kg yield is produced from one cubic meter applied (Michael,1978)  Nitrogen in plant: was determined in grain and stalk digestion by micro-Kjeldahl method as explained by Hesse (1971) . The uptake of nutrients by plant organs (grain and stalk) was calculated by multiplying element concentration by dry weight of plant for maize.  Nitrogen use efficiency was calculated as grain yield (Kg) produced due to adding unit of nitrogenous fertilizer.  Nitrogen recovery % Apparent nitrogen recovery of fertilizer (%) was calculated for each treatment according to the following equation ( Crasswell and Godwin , 1984) Recovery of N fertilizer % = N-uptake from fertilized plot -N-uptake from control X 100 N-applied from fertilizer
Statistical analysis
Data were statistically analyzed using analysis of variance (ANOVA). Treatments means and significance of differences were calculated and presented using (LSD) according to Duncan (1955) . All statistical analyses were performed using analysis of variance technique by mean of CoHort Computer software
RESULTS AND DISCUSSION

Some water relations:-Amount of irrigation water applied.
Data in Table ( 3) show that using gated pipes techniques resulted in less amount of water applied compared to traditional furrow method. The lowest amounts of water applied were achieved by I 3 (alternative gated pipes technique), followed by I 2 (gated pipes technique), where the highest one was obtained from traditional method I 1 . It is worthy to mention that, gated pipes technique saved irrigation water by 19.74 and 30.77 % for I 2 and I 3 , respectively. These results are in a good agreement with those obtained by Abo Soliman, et al. (2002) and Abou El-Soud (2009).
Contribution of ground water to ETc (cm):-
Values of contribution of ground water to maize crop are presented in Table ( 3). Data reveal that by increasing the water applied, less values of contribution of ground water table (cm) was obtained. So, less contribution (S) was obtained under using traditional surface furrow irrigation (I 1 ) which was found 13.97 cm (as an average). These results are in harmony to those recorded by khalifa (2013) On the other hand, the highest ground water contribution was obtained under I 3 techniques (14.39 cm). So, contribution of GW was increased directly by increasing the water applied from the area adjacent to maize is cultivated by rice, this resulted in water movement causing upward flow and contribution the water table in irrigation. The less contribution of water table might be attributed to the less water consumed by plants at both early and maturity stages. Results of ground water contribution could be differed according to the growth, irrigation treatments and water table depth (Kahlown et al., 2005) .
Water stored:-
Water stored in the effective root zone ( ). Actual water consumptive use:-Data in Table ( 3) indicate that the seasonal water consumptive use values by maize crop were affected by furrow irrigation methods .The highest value (2359.79 m 3 fed -1 ) was obtained from traditional furrow irrigation technique (I 1 ), while, the lowest one was obtained under (I 3 ) alternative gated pipes technique (1768.47 m 3 fed -1 ) followed by gated pipes technique (I 2 ). These results are in somewhat similar to those recorded by Abo Soliman et al., (2002) and Abou El-Soud (2009). Water application efficiency:-Data in Table ( 3) reveal that the highest value of water application efficiency (74.66 %) was achieved under gated pipes (I 2 ), while the lowest one (66.15 %) was detected under (I 1 ) treatment. It was expected that application efficiency was improved by 8.5 % and 6.7 % due to irrigation with gated pipe (I 2 ) and alternative gated pipe (I 3 ), respectively compared to traditional irrigation (I 1 ). This may be due to the uniform water distribution from the outlet of gated pipe compared to traditional surface irrigation which tend to reduce the percolation losses. These results agreed with numerous investigators like Abo Soliman et al., (2002) and Abou El-Soud (2009). (4) reveal that an insignificant effect on grain and stalk yield of maize was obtained due to irrigation treatments. Modern irrigation techniques (I 2 and I 3 ) treatments led to increase grain yield (3.3 and 2.6 %) and stalk yield by (47.6 and 15.1%)as compared to traditional surface irrigation (I 1 ), respectively.
Nitrogen fertilization effect
As shown in Table ( 4) high significant effect due to forms and method of application nitrogen fertilizer was resulted on grain and stalks yield. the highest grain yield was achieved by using (N 3 ) Ammonium nitrate applied by dressing method, which produced the highest mean values of maize grain yield (4285.3 Kg Fed ). Maize grain yield increased by about 62.1 %, 59.7%, 58.8% and 45.8% over control treatment (0 Kg N Fed -1) due to application of N 3 , N 4 , N 2 and N 5 , respectively. The grain yield is reflection of stalk yield, so it is logically that maize grain yield took the same trend of stalk yield.
It is well known that nitrogen is the most important element for plant growth and development, and it is an integral component of many compounds essential for plant growth processes including chlorophyll and many enzymes (Mkhabela et al.., 2001) . 
Interaction effect:
The influence of interaction between irrigation treatments and nitrogen fertilization on maize yield was significant for grain and stalk yield. It can be observed from Table (5) that gated pipes technique for all furrows (I 2 ) under N 3 achieved the highest grain and stalk yields followed by treatment (I 3 ) alternate gated furrows under N 4 than traditional furrow irrigation treatment (I 1 ) under N 3 , this is related to the improvement of soil aeration conditions, more uniformity of water distribution along the furrow, (Morsi, 2001 ), enhancing root system (primary root number, root density and total root dry weight), (Kang et al.., 2000) and enhancing water and nutrients uptake (Abdel-Maksoud et al.., 2002) . Water use efficiency of maize: Data in Fig (1) show a highly significant effect of irrigation technique on crop and field water use efficiencies (CWUE and FWUE). The highest mean value (2.3 and 1.7 kg grain / m 3 ) was achieved under alternative gated pipes techniques (I 3 ) and (N 4 ) Urea applied through irrigation water. Whereas, the lowest mean value was detected under most of irrigation technique and zero nitrogen.
It could be observed from the data that the use of the modern gated pipes techniques I 2 and I 3 are better than the traditional surface furrow irrigation technique. The differences in FWUE and CWUE values with different furrow irrigation techniques are attributed to the amounts of the water applied and consumed as well as the crop productivity.
By other words, using modern irrigation by gated pipes improved FWUE and CWUE values. This may be attributed to the amounts of the water applied and consumed as well as the crop productivity. These results are in harmony with those recorded by Abo Soliman ,et al. (2002) , Sonbol,et al. (2009) and Abou El-Soud (2009). Fig (1): Crop (CWUE) and field (FWUE) water use efficiencies as affected by irrigation system and nitrogen fertilizer application methods with maize grain yield.
Nitrogen concentration and uptake by maize crop: Irrigation effect:
Data in Table ( 6) illustrate the impact of irrigation treatments on nitrogen concentration and its uptake by maize. It can be observed that nitrogen concentration increased under gated pipes irrigation techniques (I 2 and I 3 ) compared to traditional irrigation treatment (I 1 ).
This result may be resulted from the improving of furrow irrigation which enhanced root volume as a result of good aeration and improving soil physical properties (Kang et al.., 2000) & (Morsi 2001) , then improving root volume which increased nitrogen uptake. Similar results were also obtained by Aiad 2003 and Mosa 2006. The highest mean values of nitrogen concentration in maize grains and stalks are detected with I 2 followed by I 3 .
Nitrogen uptake takes the same trend of nitrogen concentration, as nitrogen uptake is high significantly increased with decreasing irrigated furrows.
There is no doubt that nutrient concentration in stalk tissues reflects its concentration on grains, so it can notice from Table 6 that there is good relation between the nitrogen concentration in stalk and grains of corn.
Nitrogen fertilization effect:
Data illustrated in Table ( 6) show that nitrogen concentration (%) and uptake (Kg Fed -1 ) of both grain and stalk organs increased with (N 4 ) urea applied with irrigation water and (N 3 ) ammonium nitrate applied by dressing method.
The highest amounts of nitrogen uptake by grains and stalks were 44.74 and 48.58 Kg N Fed-1 respectively were found under (N 4 ) and (N 3 ). whereas , the lowest ones were detected under control treatment (15.69 and 18.64 Kg N Fed-1) for grain and stalk, respectively. Interactions effect: Data in Table ( 7) reveal the interaction effect between irrigation techniques and nitrogen fertilization on nitrogen concentration and uptake by grain and stalk.
Concerning nitrogen concentration and uptake, it is obvious that the interactions between irrigation and nitrogen fertilization effect were highly significant on stalk and insignificant on grains.
Regarding data of nitrogen concentration in grains and stalks, It can be observed that gated pipes irrigation techniques (I 2 ) under (N 4 ) urea applied with irrigation water was the superior irrigation treatment, and this may attributed to less nitrate leaching, and so increasing nitrogen concentration in soil, resulting increasing in nitrogen uptake. Similar results were obtained by Abde-Maksoud et al.., (2002) and Mosa, (2006) . 
Nitrogen use efficiency (NUE)
It is defined as the amount of harvested crop which produced from the unit of nitrogen supplied during the growing season. The effects of irrigation technique on nitrogen use efficiency are shown in Fig (2) . Data clearly show that the highest values of nitrogen use efficiency were obtained by gated pipes irrigation techniques (I 2 ) under (N 3 ) Ammonium nitrate (NH 4 NO 3 ) applied by dressing method, followed by gated pipes alternative furrow irrigation techniques (I 3 ) under (N 4 ) Urea applied with irrigation water and followed by traditional furrow irrigation technique (I 1 ) under (N 3 ) Ammonium nitrate applied by dressing method. This may be due to uniform water distribution from the outlet of gated pipes compared to traditional furrow irrigation which tends to reduce the percolation losses and less nitrate leaching, and so increasing nitrogen concentration in root zone, resulting in increasing the nitrogen uptake and increasing grain yield. Similar results were obtained by Abdel-Maksoud et al.., (2002) and Mosa, (2006) . Nitrogen -recovery: Fig (2) shows the total nitrogen recovery by the whole maize plant (grains & stalks) at maturity stage. The highest value of N recovery % was found under (I 2 ) with (N 3 ) and (N 4 ), followed by (I1) under (N 3 ) and followed by (I3) under (N 4 Fig (2) . Effect of irrigation treatments on nitrogen use efficiency and N recovery for maize crop.
Economical evaluation:
Data tabulated in table ( 8 ) In addition to net income from water unit and economical efficiency increased with Gated pipes (I 2 and I 3 ) comparing with traditional furrow irrigation treatment (I 1 ). This may be due to the uniform water distribution from the outlet gated pipes compared to traditional furrow irrigation which tends to reduce the percolation losses and less nitrate leaching, and so increasing nitrogen concentration in root zone and increasing grain yield. These results are an agreement with those recorded by khalifa (2013). 
